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ABSTRACT :
W, .
This paper reviews thz use of the PDP 11/03s in the
Naval Mobile Construction Battalions. The existing systea
vas evaluated aqainst th2 information requirements of the
battalions and recommendations are proposed for hardware and
softvare improvements and for the iaplementation of the new
system.

The existing system was found to> be incomplate and inad-
equate in terms of both hardware and software. Information
systems used in the private construction irlustry, whilse
us2 ful, will not satisfy all the requirements for a
battalion. I+ is recomm2nded that 1 new system be designed
utilizing networking tschnigues ani incorporating a data

base management systen.
h
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I. LNIRODOCTION

Computers can be very useful tools in managing organiza-

tions and their operatioas, yet the use of coamputars by

Naval Mcbile Construction Ba*talioas has been vary sporadic.
This paper raviews the usa of +the PDP 11/03s in the battal-
ions, evaluates the existing system and ¢the ba+talion
infcrmation requirements, and prapr>ses recommendations for
hardvare and softvare improvements ind for tha iapismenta-
tio>n of a new systea.

In the early years (th2 late 1950s and early 1960s) of
coaputer:zed data processing, the vist majority of business
"systems" were intradepartmental financial applicatiorns
which had been designed for and converted from unit rcacori
punched card systeas. Yany of th2 eazly genaral-purpos=2
coxputer systems did not 1ave wmagnstic *ape or disk storag2
ani were simply a faster method for processing the purncheid
cards, making the computations, and printing the reports in
one step. These applizatioen systanms, much 25 ths 2arlisr
unit record punched card systams, J=re econ~mically justi-
fisd on the basis of eliminating st2ps and clerical effort.
As computers became mor2 in vogus in *he =2arly 196¢s,
managemert went® through a subtle <change in thair dzcision
making -elated <to EDP (2iectroni:s jata procassing). The
chanpge related +o a shift away from requiring ecoroai:z
justification prior to embarking on n2w application sys<ems
development projects »>5r >n upgrading computer hardware.
Management seemed to take the position that even though %they
would not necessarily sav:z mon2y, thz use of computers would
represent an improved method of op2cation and provide for
future growth. #hen econdaics ware corsidered, they wer?
often relegated +o future cost containment. ([Raf. 1: p. 2]




? Today, computer systams are a Jart of our daily life
% from making telephone calls to 1local shopping. In today's
) . moiern society it is naarly impossible ¢tc spend a day
' without being affected by or withdu:t having affected 2 %
coaputer-based system. [Raf. 2: p. 7] _

The computer revolution is alrealy being compared *o the
Inlustrial Revolution (Ref. 3: pe. 75]. In private industry
tha use of coaputers for accountingy, stock control, and
produc*tion process contrdl is wiiespread. Zomputers are
also used in very sophisticat2l »sanagement dinforma+tion
systeas. In the construction industry, howevat, the use of
coaputers for applications other than general accounting has
not been prolific. Housing [Ref. 3: pe 75] repor%s that
only a handful of the country's hom2builders and remodelers
- 1 mere 5% to 18% - use 2 computer system, although another
40% say *hey are on the brink of j2ining th2 revolution.
#hile high-cost help and sinking proiuctivity ars factors in
ths push towaris computarization (Raf. 4: p. 55], the cevo-
lution ir the compu*er iilustry causad by microelectronics
may be <he biggest factor. Microslactronics has caused the
cost of hardware to drop iramatically while at the same +ime
given computers greater cipacity and portability. Computers
ara ro longer confinred &> computar centers, but are now
¥ foand in homes, offices, and on soastruction sitas, The
construction industry is l>oking at ways “o automa*e info:o-
mation herpdling, design and drafting, and sven resourca
managemern*.

As in the constructisa industry, <the use of computers
within “he Naval Construction Porce, specifically the Naval
¥obile Construction Battalions (NMCBs), has had only limitad
success., Intuitively, it woull ssem that the nead for auto-
mation in NMCBs would bes similar 45 that of the construction
iriustry, and, if the cons+tructisa industry can increase i
productivity by affective use of the computer, this axperi-
ence should be transferrable t> the battalionms.
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IT. BACKGROUND

A., BNAVAL MOBILE CONSTRUCIION BATTALIONS (NMCBS)

The active NMCBs ar: establishazd wunits of the Naval
Oparating Porces and 1Te claprnents of the  Naval
Construction Porce (NCF). The mission of the NMCBs is to
provide responsive military corstruztion suppart %o naval,
Marine Corps and other f>cces in ailitary op2rations, to
coanstruct base facilities, and +*o conduct defa2nsive opera-
tions as =required by th2 circumstaices of the desployment
situation. ([Ref. 5: p. 1]

B. ' INTRODUCTION OF WNCF/HMIS

The Civil Engineer Support Offic2 (CESO) iantroduced the
Naval Construction Forcs M1 nag2m2at Information Systam
(NCF/MIS) a+ 5 NMCB oversaas dsploym2a< sites (Suam; Puerto
Rizc; Rota, Spain; Okinawa; and Di23j> Garcia) as well as a*
+h2 Construction Battalisrn Centars {CBC) in Gulfpor:,
Mississippi and Port Huenaame, California. Th2 dzployment
caap at Diego Garcia has since b2en closed down and +hat
system divided up and sent to Suam 223 Okinawa.

The NCF wminicomputer systems, DEC PDP 11/03s, are peraa-
neatly irstalled at the oversesas dsployment sites and ars
used by the rota*ing NCP units {Ref. 6}. The systems at ths
CB8Cs are installed at the TWENTIETH Naval Construc=ion
Regiment (NCR) at Gulfport and tha THIRTY-FIRSI NCR at Port
Hu2neme and are used by th2 regiments and the battalicns in
hoae port. The prograas that are provided with *he systems
are:

1. CONSTRUCTION MANAGEMENT (CY) -~ This praogram (CNuW)

provides the capability to plan and cortrol a projecs

10




2.

3.

using Critical Path Method CPM) netwd>rking tech-
nigques. The projyraa will dava1lop a netwsrk of inter-

cennected activities using either the arrow
diagrasming (X-J ret wvork) or the precedencs
diagramaing method (nodes). Bach activity can have
up to six resources (ma2n, miterials, and/or equip-
wment) from a resource library with a maxiaum capacity
of 99 resources. The prograa will provide several
output formats incliding:

@. A bar chart which is a graphical plot of activi-
ties vs time.

b. A Resource Type By Activity report which shows
all activities using a particular rssource, th2
quan+tity of that resourcz used by e2ach ac+tivi+y,
the resourcas uai¢ man-3days, anrnd the total man-
days.

c. A Resource Usage By Activi«y veport which shous
for each activity the nuaber, cecde, descripticn
and quantity >f each ras>uzce requirszgd.

a. A Resource Usagz Plot which, £or a givan
resource, Jepicts the guantity of that resourcs
required per project day <for critics activi-
ties. If th2 quantity Jof resourc2 required is
more than thz maximum quanti+ available, th2
excess requira2ment will ba flagged. [Ref. 7: p.

1.03]
WORD PROCESSING - This arograa will generate properly
formatted 1letters, Ta2ports, instructiorns, etc

(Ref. 8: p. 1]

PZOPLE - This program provides a method for storirng
and generating raports 2n the personnel in a
battalion. I+ will store 21d print various fields
including nane, 1 ddrass, social security onumber
(SSN), Personnel R3adiness Capability Praogram (PRCP)
ekills, etc. (Ref. 9: p. 1]

"




SAPETY AWARD ~ This oprogram nsaiptains safety-related
statistics to detarmine which entity within <%he
battalion has tha bast peris>d safety record [Ref. 10:
p. 11l

S. MEDICAL - This program tracks inoculatisns, medical
examinations, blood +*ype, 2and urinalysis testing.
The program will sort anrd pcint on various fields
includirg name, rate, departasnt/company, inocula-
+ion, examinations, etc. [R2f. 11: p. 1]

6. EQUIPMENT - This program mainotains a 3ata base for
the acquisition, movement, 21l status >f 211 automo-
tive, constructison, and material-handling equipment.
I+ will ©provide various repsrts including equipment
listing, location, custoily, availability, cost
control, etc. [Ref. 12: p. 1]

7. TOOL ~ This prograa will cr2ats a data base for all
tcols within a ba*talion anl provide rzports sor+ted
or various fields including %551 name and custodian.
It will alsc provide reports for +*he trackirng of
electrical safaty and praventive main-enanca
inspections. (Ref. 13: p. 1]

A 1ew program, MATERIAL LIAISON OFFICE (MLJ), has Leen

developed 2and is currently oeing £field test2d on Guas.

Sp2cific informa*ion on this progra2a has not beern releasel

yet.

C. ON-SITE VISITS

Post-implementation visits wsr2 made to the various
deploymernt sites by r2presantativas of CESO and +he
THIRTY-FIRST NCR. The r2sults of these visits indicated a
very sporadic use of tha programs by the battalions. Some
programs vwere used very ha2avily aaj others ignored. Thare
vas no apparent pattsra either Dbetween battalicns or
deployment sites,

12
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D. PROGRAY REVIEW

During an NCP minicoaputer confarence held at CBC Port
Husneme, CA during the period 27-23 Jdctober 1981, represen-
tatives from Commander Zonstructioa Battalioas, U. S.
Pacific Fleet (COMCBPAZ) and Commander Construction
Battalions, U. S. Atlantiz Plaet (CJOMCBLANT) ra2gquested *hat
a review of the NCF nminicomputer system be csnductaed +¢o
determine whether “he system shoull be expanizd and +he
equaipment inciuded as part of th=z ba+talisn Table of
Allowarce (TOA), rem3iii unchangzd, or be discontinued
{Raf. 14].

The Commander, Naval Facilitiss Engineering Command
[Ref. 15] concurred vith the rzviasw and specifically
requested tha*t the review consider the total requirements of
tha ©NCF contingency missions and whether utilization of
automated data rcrocessiny (ADP) will enhance readiness t>
me2t these nmissions. If the contingency missions can b2
erhanced, only “hen shculd the ©peaczatime poteatial for ADP
us2 be pursued.

13




III. ANALYSIS 2F EEISTINS CONDITIONS

The following approach was taksn in analyzing the feasi-
bility of integrating stata-of-the-art computer systeas int>
th2 battalions:

1. Determine why th2 Dbattaliocas are =rot wusing *he

existing systen,
2. Identify the inforaation requirsments c¢€ a battalion,
3. Evaluate how thas current system satisfies thess
requirements, ani
4. Iden+ify the pot2atial us=2 of coamputers during
ncbilization.
Tha follecwing sactiors 3iscuss each >f thase points.

A. NON-USE OF THE EXISTING SYSTEHN

A revizw of <the projrams provided with the existing
ceaputer systems suggestel that the2ir output shoulld be var
beneficial to the battalions. Why, th2n, was thas use of the
systems so sporadic?

To get +the battalions® point of view, gquastionnairess
were sent to all eight battalions. Ir conjunction with %he
quastionnraires, interviews with pzsrzonnel froam *wo battal-
icns in home port at CBC Port Huenzaz were als> conducted.
4 compilation of the responsses fronm +he battalions,
inzludirg those cbtained luring ths interviews, is contained
in Appendix aA.

Table T is a summary >f how tha personnel “hat normally
use a program c haracteriza the output 5f that program. Tha
fijures are in terms 5f the number of responients. In
general, there is strony support £>r all of the programs.

Table II summarizes how often tha sime set of respondents
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TABLE I
PROGRAM EVALUATION SUMMARY (NUMBER)

300D

33

4
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6

5
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LR 2 Y

2 -
4 -
5 2
- 1
2 -

oaome | cooncavoe=

1 2

FREQUENCY OF

PABLE II
USE SUMMARY

(NUMBER)

PROGRAM

PEOPLE

MEDICAL

EQUIP

TOOL

FREQUENTLY
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3
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us2 each program. As inpiicated, vsry few use the prograas
or a daily basis, which is not surprising for some of the
programs given their nature; howavar, the use of WORD
PROCESSING, MEDICAL, and EQUIPMENT was expacted to be
higher.

Durirg the interviews the following factors were brought
out as the main reasons for not usinjy the programs:

1. The survey results notwithstanding, the terminal
locatiors are inconvenient aad discourajye use. In
home port the only system available is locatad in a
fegimental building and usually there arsz two bat*al-
ions and the regimsnt all vying for access time. On
deploywent, the system is usaally loca2ted in one of
the offices and accass time i5 still a problen.

2. Projects were geasrally consilered to be too small to
justify the time raquired to load the <CM data base.
Most viswed the system as only applicabls for large
projects that might, in contract terams, exceed $1
rillion,

3. The system took an ircrdinat2 agount of <time (hours
in some cases) to produce a sorted personnel roster
or construction schedule. dhile the CM or PEOPLE
programs were being run, n> other programs could be
run concurrently thus <tying the system up with 1
single user.

4. The hardwvare Lis unreliable, particularly “he
printers.,

S. The systea does n>t proviis informa*ion that isn'+
easier to obtain by other means.

15

_—



e,

W et

R Ry R e P ST

et 58 L. AP 1o

COYSIRDING
OFFICER ’
RSt [TV H
ZYETUTIVE -
OFPF ICER , bt
B lSPECIIE
-=-==----~ | "STAFF
|
IBLIF | TRREINIRG UPERIlIUNSI SUPELY
!DEPT | DEPT | !DEPARTHENT ’ DEPT ‘
|HEIﬁgU RTEKS‘ "KLFK“‘ 'BKIVG'I ‘CHK&IIE' 'UEITI-
% COMPANY ICOHPANY !COHPANY| ‘COHPANY. ICOHPANY‘

Pigqure 3.1 NMCB ORGANIZATION.

B. BATTALION INPFORMATION REQUIREMENTS

¥MCBs have a hierarchial structirz as shown in Figure
3.1 ard are normally staffed with 700+ O3Sfficers and
Enlisted. The basic functions of each of the departaents/
companies are as follows:

1. ADMINISTRATIVE Dapactmeant - Provides basic adminis~
trative support, suck as praparation, routing and
£ilirg of reports, ¢correspindence arnd directives;
transfer and reczipt of perssanal; preparation of the
personnel diaries; and wmaintenance 0f servica
records.

17




2.

TRAINING Departieat - Respoansible for contingency
planning, intelligence sollaction, and the scheduling
ard monitoring of tachrical 223 military training.
OPERATIONS Departmaat - Respoasible for the planning,
scheduling and managing »>¢ current battalion
cons*ruction, combat and disastar prepar24iness opera-
tions; constructisa quality, safety, and engineering
suppeort.

SUPPLY Departnment - Respiasible for procuring,
receiving, storing, issuing and accounting for all
equipage, repair parts and constructisn materials;
disbursement of jovernment funds f£3c battalion
purchases and military payday: operaticns 2f th2
erlisted dining facility, laundry, barbershop,
Ceatral Tool Room, and Zentral Store Room.
HEADQUARTERS Company - The 33rinistrative and mili-
tary organization f£5r all 2nlisted personnel assignel
0o the battalion =zxecutive 211 special staff. All
erlisted perscnnel assignel t> the s+%aff for their
professional jobs are under ths functional and tech-
nical directicn 5f the staff izpartment head to which
they are assigred. The company proviias support to
the 1line compani2s in construction and disaster
recovery operations by virtue of the company members
being assigned t> the military s*aff departmernts, but
is capable of providirngy dzfense in the <combat situ-
ation as a company anis, )

ALFA Company - Respoansibls £or <+he opsration and
main*®enance of th2 automdtive, construction ani
materials-handling aquipmant agssignel to the
battalion. It s2rves as prime contractor on largs
earthmoving, paving, and othar horizontal construc-
tion projects, aad as subcontracter %5  <+he general
construction companies for 2arth-moving, grading,

13




excavation, paving, hauliny, pile 43rivirg, well
drilling, heavy lifting, blasting and demolition.

7. BRAVO Company - 33arves as 21 prime contractor for
water, sanitary sewer, and power distribution
systeas, fuel systanms, and communication projects.
It serves as subcontractor t> the general construce
tion companies for all utility installation, sheet
metal fabrication, air conditioning and refrigera-
tion, It serves 1s a mini-pjublic works dspartment
providing for maintanance and osperation 5f the unit's
camp.

8. CHARLIE/DELTA Compairies - S2rvz as gensral construc-
tion companies in the rol= >f a prime contractor.
They will lend suppd>rt t5 ALFA and BRAVD Companies in
a subcontractor capacity. R2f. 16]

During peacetime, battalions 1i1re on a 5/6 ro+tation
schedule: 6 months in hoa2 port and 6 months on deployment.
Whather in home port or ot deplsyment, a battalion 1is
engaged in *vwo major oparations: (1) 2xecuting their current
assignmerts and (2) planniang f£or the upcoming rotation.

During the home port peris>d, p2rsonnel ars engaged in
various types of training: military, factory, Navy schools,
ani local projects to maintain proficiency. Ths time perioi
of the training activitiess will vary from one 3ay to many
weaks. A separate training scheduls is established for each
meaber of the battalion based upon 1is own capabilities ani
prior +training and it is highly uanlikely that any <wd
menbers will have the same schedul:z. At th2 same tinme,
bat+talicns must also plan for their i1pcoming deployment.

The current policy is to rotats all battalions “hrough
all the overseas deploym2a* sites, regardless if they are
Pacific Dbattalions out of Port Hu2neme, CA 5r Atlantic
battalions out of Gulfport, MS. Th2 projects assigned come
fzom prioritized 1lists that ara subaitted annually by

139




CINCPACFLT, CINCLANTFLT, and CINCUSNAVEUR and approved by
CN). The TWENTIETH NCR at CBC Gulfport provides support for
the Atlantic and European deployament sites by developing
material taks-offs for 2acsh of the projects and ordering and
shipping materials procur23 in CONUS. The THIRTY-FIRST NCR
at Port Hueneme and tha THIRTIETH NCR at 3uaa provids
similar support for ¢the Pacific sites. In planning ar
upcoming deployment, a3  battalion needs information
concerning the status >f all pro>jects expacted +c be
assigned: those +*hat arz under cogstruction as well as
those that 4he battalion 2xpects &> start. The information

ion scheiule and <h=
schedule of men, material, and 23aipment reguirements for
each project.

would include the curreat <construcsti

The reverse is trus for the deployed battalion: +they
must plan for the upcominy home port period while executing
the deployment site constructisn sch2iule. The planning for
home port includes dz2t2rmining parsonnel losses due t2
Expiration of Active Oblijated Service (EAQS), transfer,
etc., and the comcommitant loss in skill level. To reestab-
lish +the skill 1level, trairing cr2juirements have to b2
determired and quotas rzqaasted and e2stablished followed by
assigning individual members t> each >f these guotas.

Every department and company is involved in sckadules:
materlal schedules, persosnnel schelules, equipment sched-
ul2s, construction scheiulas, e*c. At the momen%t, most, if
nct all, of these schadules. are daveloped and maintaineid
manually even though it 1is this kiid of effort for which
computers can be used very effactively.
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C. EVALUATION OF THE CURRENT SYSTENM

During the construction of any projact, it is necessary
to bring together in an orierly fashior the rejuisite labor,
material, and equipment. <Constructisn projects are norsmally

ivided into their <constituent parts and thes parts <then

linked together into som2 <type of time-scal2d schedule.
This schedule can take th2 fora of 1a bar chart 5r a Prograam
Evaluation and Review Tachnique (PERT) or CPM network. The
construction schedule should identify <the rejuired daily
resources and, froa this, ipdivijual daily resource sched-
ules car be developed. The rasourcz schedules should cover
either the construction period or <+the deploymant period,
whichever 1is shorter. Any changys in the corstruction
schedule, either acceleration or slippage, will impact on
each of the resource schelules,

The CM program will provide +his information as each of
th2 project's constitueat parcts squates t> a program
activity. The major drawback of thz program is *he limited
number of resources (5) thkat <caa be assigned %c¢ each
activity, If the project data bas2 is maintainszgd, any
company or department can accass that data bas2 and obtain
an updated schedule. Any changse, caused by the project
either being ahead or bshind schedul2, that cr2ates a situ-
ation where tha project ra2guirements exceed *h2 supply for
that project will be flaggad so that appropriata action can
be taken. The CM progras is appropciate and most useful a*
th2 project manager or crew leader laval as it is this level
that is primarily concernzi with the day-+o-day details of 1
construction project.

The Company Commander >r Operatisans Officer is generally
concerned with a consolidated project schedul2 5n a2 coampaay
or battalion-wide basis, respactively. They 2are concerneil
with rescurcs leveling 2n a1 broader scale. A zhange in %he

o e m— - e




construction schedule for one pro>ject will affect <+he
construction schedule for 311l other projects which, in turn,
will affect the total daily resource schedule. An excess or
shortage of personnel r2sources are particularly important
since the 1labor force cannot be hirad or £fired when <the
requirements change. fhe =currant CM program will not
provide this type of scheiule and, tha2refore, if a consoli-
dated project schedulz 1is used, it wmust be prepared
manually.

For a battalion to fanction 2ffactively, each member
must have a dailly assigament. These assignmzots might be
leave, TAD, schools, pr>ijects, =tc. Sincs most of th2
departmerts operate in an offic2 =2nviconment, a formal
assignment chart is normally used 9211y to post leave, TAD,
and trairning schadules. Phe charts used by thz comparies,
anl possibly the Operations and Supply Departaents, weoulld
also include projesct assignments. The CM program allows
Tescurces *to be attachel <+o each activity in tezms of
nusbers &and trade, but not by name., Trhe PEOPLE program will
show a ccmpany assignment and whethar or not an individual
is TAD, but neither ar=z %ieid ¢o tims. Therefore, <=he
assignmernt <charts, which ars basic personnsl management
todls, must be prepared ail maiptainzd manually.

Bat+alions are facei with the same 2administrative
requirements as any military unit. Iastructicns and notices
nust be preparsed, updateil, and issued as well as letters,
memcranda, endor sements, =2tc. Tha WORD PROCESSING prograa
pravides *he capability t> us2 staniard formats and allows
for easy changes and upiatas. By using the data base, much
of *he hard copy files can be 2liminated.

Any construction orgaaization 1aust be concerned with
safety as the work is inharently Jangesrous with severe ani
fatal accidents not uncoaaon. Although no* specifically
applicable to amilitary orjanizatioas, osda contaias
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extensive safety requlations <that are applicabls to
construction ir general. While it 1is appropriate that the
battalion's safety organization ba very familiar with those
safety items that are required as well as recoamended, it is
also appropriate for the project mazager or crew leader ¢o
be awvare of those items taat are apolicable t> sach project
activity. The current SAFETY progrim is merely a statistic
gathering package and canast b2 used as an effective tool to
promote safe operationms.

The health of i+ts ma2mo2ars is 2 primary considera+ion of
ary military unit, Tha a3dical staff must ensare that 21}
neabers of the unit ars physically gualified to deploy and
to perform those tasks inaareant in their rate. Thereafore,
medical records are maintained and screened pariodically t>
ensure that the necesary 2xamina*ions and inoculations have
bean accomplished. Tha MEDICAL progyram will sort the data
base ard provide a listiny of all pecrsonnel that are due for
examipation or inoculation. Madical recozds have tradition-
ally beer filed by social security aumber (SSN) due tc tha
pcssibility of name duplization. lhe currernt pregram does
not provide for a SSN fiell arnd, thesrefore, confusion as %o
which "BO3 John William Saith, Jr in Ckarlie Company" is das
for a medical examination >ar occur.

Oon deployment, +the bat+*alions are assigned the custody
of a vas+ array of automotive, <const-uc*tion, and mazerial
handling equipment. S>ae pleces of equi»msnt can b2
assigned to a departmen* 5>r company on a continuing basis
and operated by members >f that entity. Ozhar pieces are
maintaired in a pool with the opsration of some st-ic4ly
lisited to Equipment Jperators from Alfa Company.
Rejyardless of wvhether th2 equipment is on a1 con<¢iruing
assignmert or rnrct, tha aaintsnancs is performed by Alfa
Coapany. The maintenance frequency (2.g9. every 3,000 miles,
evary 100 hours, etc.l will vary by type >f equipment.




Alt hough the frequency will bs constant within each equip-
ment type, the actual miintenancea schedule for each piec2
will vary depending upon the uss. This variable mainte-
nance schedule ocduld ispact upon th2 construction schedule

unless a conmpanion operating scheduia is kept as well. The
EQUIPMENT prograas will provida a msaintenance schedule 2nd
also has a field to recori +he egupaznt location. A madjor
dravback is that the program will n>t provide an operating
schedule for <¢the equipment. If 3 <crane is gpa=2d2d on on2
project one day and on another project the next, +tha
schedule must be prepar=4d aanually.

The battalions also maintain a lacges inventory of tools,
some of which reguire special trainiiy to operate., When tha
tools are checked out, custody caris are preparad and main-
tained until the to0ls ars returned. The TOOL program will
generate inventory and custody reports.

D. TRAINING

When “*he systems were f£irst intrsluced, +he2 training on
tha systems was 1limitad to the Jfficers anj Chisf Dottty
Officers. This group rec2ived instruction on how to inpuc
the data and generate and use the reports. The training has
siice been expanded to inzlude petty 2fficers, One prcbhlenm
with ¢he training is tha+t Jdffizsrs, -hiefs, ani petty offi-
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cers are being <trainsd as teraminal opera:ors. I s
sujgested that the tralaning is focus2d on <+tha wrong 1

How to use the reports aal which rzports are available is

[

evel.
appropriate for crew leadsrs and abov2, but th2 inst-uction
or terminal operation (hov tc access the programs, 3input
data, ard generate output) should be given primarily o

lower level personnel, i.2. coapany clercks, etc.
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E. POTENTIAL USE OF COMPUT ERS DURINS MOBILIZATIOW

Durirg mobilization the NICBs are intended %o provids

responsive construction support at Navy support bases in
forward areas or in combat zonss to> which Navy and/sr Marine

Corps forces are committai. Normally in the <combat zone,

NMCB~built facilities will be 1limit2d to initial, dinterme-
diate, and temporary constructisn standards;: however,
capability for permanent construction will bz maintained.
{Ref. S5: p. 1]

In peacetine, NMCBs shall ander+ake construction
projects which maintain th2ir constcuaction capabilities and
enhance their readiness to accomplish their conzigency
mission. In *ime of 2m2rgency or disaster, NMCBs shall
coaduct disaster control znd ra2covary operations, including
emargency public works ooarating finctions, as irec+ed.
(Raf. 5: pp. 1 & 3]

The requirements duriny mebilization and peacetime cper-
ations are essentially similar. Men, matarial, ani
equipmernt must be organizad and deosloyed *o a3 particular
locatior zo perform a spzcifiz  <asx. Hestila action not
withstanding, there ar2 two @dain 3ifferences bstwesn +<h2
peactime and mobilization 2nviconm=aats: (1) the plarcing
time horizon and (2) established is23loymen* sitas vs virgin
territory.

While general planaiag for wmobilization can be accoa-
plished in advance, dztailed planning must be <*ailored to
the specific situation, and in all probability wilil no+t only
involve the battalion, ha* rear 2ch2lon commands as well.
General embarkation plans, for examples, c¢an bz prepared in
advance *o mobilize all or part of 3 battalion. Once a 3data
base is established, it =-an easily b2 maintainsd and can be
usad as the basis for 3eva2loping a spscific situation plan.
By having the appropriate preogyrams ivailable, i.e., <thos2
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that serve all levels within a battalion, ADP can be an
extremely useful tool 3laring th2 initial wmobilization
phases,

The usefulness of ADP at a forwacd site will depend upon
the anticipated 1length of <the engagement and whether <+he
appropriate facilities ara availablaz. If the 2ngagenment is
expected to be short or only very orimitive facilities area
available, manual methols may have to be eamployed. ?or
long~term engagements with essartially permanect camps, as
were developed in Vietnam, ADP can b2 used very 2£ffeczively.
In a forward area changes in priosrities, assignmern<s apd
resources can be expectad to ozcur mach more fraquently zhan
during peacetiae. Computars sar d3v2lop new schedules and
plans much wmore quickly and accuratz2ly than can be 2ccon-~
plished manually. If properly d2sigred, computer sys+<ems
can improve a battalioa!s flexibilist and =2nhance 1its

ability to react guickly 1ad effectively.




IV. HARDWARE AND 3OFIWARE

A. INTRODUCTION

This chapter will discuss methods <o improve the sffec-
tiveness of +*he us2 of computers, irst, use 2f compu<éers
within the construction iadustry will be discussed, €olloweid
by discussions of hardwar2 ard so>ftwace and, a2+ =he erd,
recommendations.

Computers are jererally classifi:d as maiz frames, mini-
coaputers, or microcosputers and thes dis<tinctions betwee:
<he three are not wall defined. Th2 microslsc-=ronics
inlustry is revolutioniziag the =zomputer indus+ry. Ths
concept o©f the computer center as 3 room w#ith a 1large
computer to which users bring their work <€o- processing is
rapidly tecoming obsolets. Phe 514 concept 2f 3 singl=2
coaputer serving all of an organization's computational
ne2ds is <rapidly being <:2placed by one in which a 1largs
nuaber of separate but intarconnectail computers do “ha job.
No longer ar2 users bringing work t> the computar +
coaputers are being brought to the usars. [Ref. 1

B. CONBPUTER USE IN THE CONSTRUCTIDON INDUSTRY

As stated in Chapter [, the coastruction industry has
not mad2 considerablie us2 of computars except for general
adaipistrative func*ions; howvever, some firms are beginning
to experiment with comput2rs with sd>asiderable success. The
following paragraphs 131a2scribe soma examples of <+ypical
applications.

In Anoka, Minrn., 8 Sontractor uses a CPM-based sched-
uling program to keep track of +tha 400 wurits it Dbuilds
annually. Each superiantandent submits a form at the end of
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tha day indicating which activitias 4sre completed that day.

At the end of the wveek,

coaputer, ard the superiatandeat®s schedule

adjusted.
CM progran. It
schedule is updated by

within the project.
A schedule
contractor can

program
also tell

this inforzation

apdating th2

used by a
just how much

is fad

is antomatically

intc the

[Ref. 18] This progzam sounds very siamilar to the
is projsct orient=3 and

the total project
individual activities
Bzllevue, dashirngwon

impact 3 chang2 -

revisirg floor plans, for 2xamole - ¢ill have 921 a preojec~'s

ccoapletion date ([Ref. 19].
scheduling program which
opad that are caused by
vith any consiruction
changes to bz mads, but it
path be determined
-ias can be so desigrnated.
In Seat<le,
irnys,
coaputer *o
When

ccastructicn job one cof th2

Keet track of
meat. ths payroll
to get the Information froa
had to
company's

+h2 computer,
The

+ hey
repor+s.

equipment-management systaa,

location 2f =2very piece cf
pra>ject i+'s being

mixture ¢f the

assignment. The
+he equipment %o
project.

3llows naw schedules t>
the inevitable changes

project.

in advance

a leading builier
hotels and multi-uai+

usel on.
PEOPLE a2n3 EQUIPMENT prograas.
program will accept a company aissigniant,
EQUIPMENT progran allovws *“he
be eithar by organizational

mor2 s)>phis-<ica<ed
be
tha<%

This is 2
devel-
occur
Ths
ra2juires that “he c
tha<

CM prograa does allow

istical

2ls>o

(3]

o) the critical aciivi-

of high-rise 2€ffice build-

housiag faciiities, is using 2
constructicn work2rs and equip-
clarks want %o f£fiad ou< what

workers is on, +thsy uss a qusry

+he data base. Before they hai
go throujyh stacks anrd stacks of
first

which

Sa-line project was an
instantly pinpoints <h2
large =jiipment, 1> mastes what

[Ref. 20] This sz2ms %o be 3
The PEOPLE
bu+t nst a prod=ct
loca«icn of

uni+t or by
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Engineering News Record [Raf. 21] reported on a comparn
in Belgium. Using an on-site interactive computsr terminal,
the head project supervisor feeds a1 progress report on
construction activities into thea machine 4daily. Thz2
cosputer identifies critical tasks (those in which a tima
slippage will slow the 2ntire project) plus those which arz
in advance of and those running bshind the schedule. The
computer prints osout p2arsanalized work tickets covering a
two-day period for for2m=21 and k=zy aemnbers of <the 120-man
work force. In cases of unexpect2d probleas, such as 2
machine out of service, the computar juickly scans alterna-
tives and proposes a substitutz schziule for a2n, wmachines
and the flov of materials. This program se2as t¢ be an
expansion of the CM program whers nany more ra2sources par
activity can be 1listed 23ad altsrnative scheiules car b2
determired in advance bas2d upon rssaucce availability aand
kept in the data base for future uss. It migh¢ als2> be much
more sophisticated and use file 1iatzgration and resourcs
leveling techniques.

There are also a rumbar of othar programs 22 the macke=.
For example, the PFRAMINS CALCULAIrJR® is a ©rew prograa tha*
ccaputes the amcunt of luaber, 1ails, drywvwall and other
materials, plus the numabar of maan-hsurs needei %o complete
valls, flcors, roofs, partitions and 2xteriors 5f any houss.
I*s use requires lit*le computer expartise and it can be run
on aicro or minicomputers. The information can be combined
with a builder's own cost iata to g2t guicker and more accu-
rate estimates than are nornpally possible without the a2id of
a computer. The user can chanjye built-in fornmulas to accom-
modate his particular circumstances.

An estimating program makes it possible for custom home-
builders and remodelers *35 us2 their computer as a marke+ing
tool. The program is accurate t5 within ¢twd> percent and
praovides:
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1. A complete estimat2 in thres >r four hours with waste
ard inflation perc2atages factored inp.

2. A matarials taka2->ff list that includes everything
"down to the tubes of gluev. The systam automati-
cally converts matarials to ordsring units.

3. The ability to ask "what if" juastions. Custom-home
buyers can make changes in th2 original plans and ¢he
computer will quickly recalculate a pew price.

For production builiasrs, the MODEL HOME COST EXTENSIONS
APPLICATION program lets the buildsr compare prices among
his suppliers. It contains three separate filas:

1. A model wmaster fil2 that ijasntifies eaczh model the
builder wishes to price.

2. A quantity file that 1lists the amount of material
needed to build 2 particular asiel.

3. A cost file that contains 3 price book fcor =ach
vendor.

Tha programs are writtsa in BASICT and can be used orn IBM
5110 ané 5120, WANG 22)0 series, éadio Shack TRS 30,
Hewlett-Packard and Texas Instrumer*s systems. [Ref. 22] %o
ccaparabnle program exists for the NIF, but such a progran
coulid be very useful at th2 regimenctal and battalion lsvels.

The programs used by private contractors ars similar +o
those already provided to the battalions with the exception
of the cost =estimating programs 2aand are appropriate for
siagle project management. With <th2 possiblas =zxcazption of
+h2 program in Belgium, taey ara2 n>¢ designed for rCesourc:
leveling, i.e., managing a finits amount of 1labor or
equipment resources.

3
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C. HARDWARE

Main frames used td> offer the o21ly real coaputing power
but minicomputers and microcomputers are begipning <o chal-
ienge. Minicoaputers now come with large main memories ani
are beginning to be usa2d as =main coaputers, auch as main
frames used to be, and can oSperatsz very well in a normal
office environment.

In general , the tera picp2goipi can be defined as a

ter
stored program computer coamprising a2mory ard input/output
circuits togather with a aicroprocessor centril processing
unit (CBU). Microcoaputers have attracted amany peopls
because cf several advantages over lacger computars. irss+,
microcomputers can be us2d for a w#ide <range of specifi:
applicaticns. Second, aicrocomputars are powasrful, =reli-
akle, and ipexpensive, They can operate effectively irn
exvironments where older computers would fail. Most off-
the-shelf microcomputers jsperate at rcom temperature and
rejuire no special air conditioning or powar suppliss.
{Ref. 23: p. 11] ’

The present hardware for <ha2 NMCTBs 1is 3 ainicompu*er
system ard, in CONUS, has ona CPU with a console keyboari
visual display terminal, two five-m2gaby*te disk units, one
double floppy 1isk unit, >ne high sp223 prianter, and ore low
sp2ed printer. The hardware at most 2f the deployment sites
consist of one CPU with ¢two consols kayboard visual display
terminals, *hree five-magaoyte disk inits, one 3ouble floppy
disk unit, one high sp2ed printsrc, and >5n2 low speeld
printer. [Ref. 27)

Radio Shack is now 2ffaring a micrccomputar (the TRS-8)
Moiel 16) with one CPU and a s225nd aicroprocessor for
input/output, up to 512k bytes of manory, a console keyboari
visual display terminal, oae dcable floppy disk anis
(1. 25-megabytes per diski, up to ~hree 8.,4~22gaby%e hari
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disk drives, omne high speel printsar and one low speed
printer for under 330,000 [ Ref. 28). This microcomputer has
more computing capacity than the existing minicomputer.

As indicated at the baginning of this chapter, single

large computer systems ar2 ba2ing raplaced by a series of
smaller interconnected coamputers. dre advantage is that a
ruaber of smaller systems performing the same functions are
less expensive +o purchass, operat2 apd maintain “han a
single large systen. Another advantage is that each of the

smaller computers can acc2ss and oJperate on +*ha <same data
base, <Tegardless of tha physizal 1>cation of the computsrs
or the data base. Sinc2 each computer accesses the same

data base, redundancy is built in. If one camputer goes
down, another compu*er in a diffarznt location can be used
while the <first is jetting czpaired or replaced,

Interconnected computers, known 3s either opetworks or
distributed systems based upon their function, brirg th2
concuter +o the user anl complaints concerning terminal
loca2tions and access -time should be greatly rceduced if no*
eliminazed.

The retworking of computers is 21 iapor*art conceon:. By
placing at least one computer in each department and compary
{some may <c-equire two or mors), n2tworking interconnects
thase computers similar ¢to a talephone systen. The
computers can be connectel via existing +elephonez lines, bu:
this requires the use >f modems (3odulator-3ismodulator). ﬁ
Andther method is to us2 high bani-width ccaxial «cables.
Cables eliminate the need for ths modeams, allow a signifi-
cant increase in +the data transfar rate and are applicable
for small local networks. The talaphone systam limits the
transfer rate to about 36)) bits psr second whil2 the use of
separate cables permits a rate in 2xc3ess of ons aillion bits
per second [Ref. 17: p. 286). Zablss, howevar, ac<e mors
expensive +t5 install ani maintain and make the systea :
relatively immobile.
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With a network it is not aecessary that 211 prograas or
files reside on a single computer or that they be duplicated
a* each of the computers. The PEJPLE program, for exaaple,
could reside in Admin, +the BEQJIPMENT program in Alfa
Coapany, the CM program in Charlie Coapany, etc. Sof+tware
wvould provide the ability for any >f the comput2rs to access
any of the prograss.

Reliability is an important £factor. Ther2 are several
strategies available for ensaring sufficient reliability
unier wartime conditions. The choizs 3izpends upon balarcinag
the reliability requirsm2nts agaiast the cost, The r=li-
ability requirenent must Dbe ijcfined basel upon +h2
opazrational uses for ths 2quipment. Several strategies for
enhancing reliability ace possibls, Jne is *to "harden" the
equipment. This can be accomplish2d by prozaring MILSPEZ
2quipmernt specifically dssigr2d for wmilitary applications,
or it can be partially acsomplish=2d by procuring ruggedized
commercial equipment. [R2f. 6: p. 2]

To acquire MILSPEC 2yuipment =ssentially triples <he
acjuisition cost and als> reJuirss a dedicatsd logistics
support system vwhereas *h2 ruggediz2d commercial =squipmen*
is less expensive but also lsss abl2 to cope witkL harsh
environments. This second approaczh generzlly usss small
microcomputsrs with Zmprovad reliapility but oot to MILSPEC
standards. Zxamples 0of rugjyedizel herdwares include the
Marine Corps?! ADPE~-FMF computers oc tha Navy's Shioboari
Non-tactical Automated Processing (SNAP). A large supply of
these rugqgedized microcompu*2rs is usually stocked 2%
central locations and failures iao the field are replaced
with new units <froam the cantral stock wi+h the failed unit
returned for dspot maintsaance and =:s3storaticn to the stock

pool. (Ref. 6: p. 2]
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D. SOPTIWARE

While there are many operationil similarities between
tha private construction iandustry 2ni the NMCBs, there are
also some very distinct 3iifferences. U. S. con%ractors
nocrmally are not self-contained and self-sufficient organi-
zations. General contrasztors, w«wh> rely on union halls for
labor and on subcontractors for spa2cialized work such as
mechanical, slectrical, structural, =2%tc., view their world
as having unlimited resources, Thz2y have tha ability %o
hire ard fire on a daily basis and zave a relatively shor:
supply lirne. NMCBs on th2 other hiand operate with a fixed
nusber of resources and at ovecseas laployment sites with an
extended supply line. If a piec2 5f equipment goes down or
nezded waterial is not availabls, NMCBs must have +“h2
ability <o shift resources quizkly and 2ffeceively.
Tharefore, +*he simpla orograms cthat are used in +he
construction industry do ao5t satisfy the needs of the NMCBs.
To ke effective, the existing prograas need t3 be expanded
arl a2 supervisory pregrai, a data base maragesment sys+sa
{(DBMS), reeds “o0 be implsanantei.

A data base managemant systasm {3 a set of programs that
operate on the Jdata bas2 in accordance with 2he usert's
coamands [Ref. 23: p. 231 These programs ars %nvisible to
the user, are in between +he user's program ard the data
base, ané allow the user's program t> access different €files
within the data base. Pirst, the ds2sign of a 3ata base will
be discussed followed by 2 further discussion on DBMS.

Terminology within <h= compu%ter izdustry has not been
fully standardized. Por purposes 5f <this paper, +h
following definitions will apply:

1. Data Base - The agyregate of 21l files rsgardless of

the physical locatisn of each >f the filss.

2. Pile - The aggregats of all similar recoris.

L
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3. BRecords - The aggr=gate of all information (fields)
on a particutar iniividual, project, piece of equip-
ment or tool, etc.

4. PField - A single attribute 2f a record such as nane,
rate, SSN, etc.

It wmight be said that this is +the data base era in
cosputer technology. Data base processing has grown in
significance among coaputer sclantists and also among
maaragers of organizations. The <capacities of on-line data
files have grown rapidly. Aas capacitiss go up, the cost per
bit of storage comes down. This si%tuation a>tivatss data
base designers +to continua +thair eff>rts to obtain better
data base systems. [Ref. 23: p. 7)

An important consideration in 3ata base d3=2sign is *o
store data in such a way that it zan be usel for a wide
variety cf applications. By doiny so, the data can b2
changed guickly ard easiiy. o achieve ¢the flexibility of
data usage that is essential in most commercial situatioas,
two aspects of data bass d2sign arz iaportant. First, th2
data should be independent of the pry>grams which use it, so
that it can be modified without tha programs being changed
(data independence). Sasond, it should b2 possible ¢t
interrogate and search tha data base without the 1lengthy
oparation of writing programs in conventional programming
languages. [Ref. 23: p. 7]

In designing a data base systewxs <+here arz2 many fac:s
that should be considerei. The f>llowing are among th2
primary objec4ives of data basz orgaaizations:

1. I*+ should make applications develcpmant easisr,
cheaper, faster, and more flexible.

2. The data should hav2 multiple uses.

3. Data independence.

4. Clarity. Ease of understanding what da%a
available to the usars.

¥
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5« Flexible usage. Data can b2 used in flexible ways
with different access paths.

6. Spontaneous requasts for data can be handled easily
by means of a high level gJu2ry language or report
generation languags.

7. Change is easy.

8. Low cost,

9. Accuracy and consistency.

10. Privacy. [Ref. 23: p. 15]

In designing a mul+tiplz file data base, Jduplicaticn of
information between files should b2 kept t> an absoluts
ninimunm. For example, «ithin both the PEOPLE and MEDICAL
files, each pecord includass fields for name, rate, company,
and projected rotation iata (PR’D). While it

is not common
+hat there would be a name <change, 1t canno* b

u

considered

o

unlikely. I+ is highly likely that 2 change will occur in
rate, ccmpany and PRD. Therefore, wvhen sach 3 changa
occurs, i1t is necessary o update th2 appropriate rscords in
both filies. IZ only the fecords ix one file are updatad,
iraccuracies and inconsis*encies ozcur which places the
integrity of both filss in doubt. A DBMS can access
different files by using 2 common f£fi21d, preferably one “haz
is highly unlikely to chaagje. In >ur example, such a field
could be the SSN, which prssently 1cesn?t =zxist in +he
MEDICAL file. If a SSN £i214 were t> be subs*ituted for th2
nane, rate, company and PRD fields in the MEDICAL file, <he
medical staff c¢ould gensrate a 1list of personael by nanme,
rate, SSN, and company overdue for a smallpox inoculation.
Th2 MEDICAL <£ile would b2 sor¢ed 51 the inoculation £i213
waich would identify ¢th2 3individual overdus records ani
thareby the SSN for each r2ccri. Thz DBMS could then access
ths PEOPLE file by SSN and extract <the nanme, rate, ani
company from each of the appropriat2 records and pass +hat
information back to Medical. If, 5n the othar hand, <he

"




medical staff vanted %o chack the status of all inoculations
for all personnel with a PRD of 3) June or earlier, <the
PEOPLE program could be sorted on th2 PRD fieli which woulil
identify the name, rate, 55N, and company of the appropriate
individuals. The MEDICAL fila coull then be sorted on SSN
to obtain tha desired listing. With a3 computer network this
can be accomplished even +hough ta2 DBMS wmay reside in
Operations, +the MEDICAL program ii Y2dical, and the PEQOPLE
program in Admin and it is 1ot ns3cassary that <¢the medical
staff physically run one program anl then the other. They
can, frcm a wmenu, reju2st the iadculation status and th2
DBMS will actually invoke the twp prygrams. Bescause of taz
Pritacy Act, certain p2rsonal information is considered
sensitive, but these s2asitive fields <can be protec:ed
allowing access cnly by authorized parsonnel.

In a similar fashion, all of tha programs can be link23
tojyether, as afppropriate, by establishing access (key)
fialds., 1In 2ddition to md)iifying the: sxisting prograas, newv
programs should be design24d. Two n2w prograas that werz
alluded to in Chapter IT wera (¥) a program tha+t links
safety considera<tions <to M activitisas and (2 a prograa
that will generate an equipment opsrating schedule.

In *ke past, 1limited and 2xpensive memory raquirsd tha-
designers and grogrammers optimiza machine efficiency.
Toiay, &s hardware ani aa2mory ¢osts decline and sof<war?2
costs go up, computer scisntists ars placing aosre emphasis
on softvare understaniability and maiatainability.
Pr-ogramming in assembly or machine lanjuage (+*h2 most primi-
+ive languages) is losingy favor. The use of higher level
languages, that are aor2 English-like, and structured
programaing techniques will proviiz programs that are mor2
unierstardable ani maintainable, Yodulaciziag prograams,
which is analogous to separating : :struction 3rawings iate
civil, structural, mechanizal, and 2lactrical sactions, also
improves maintainability: the ability to debug and modify.
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The major advancement in the arza of modulacr programming

has beern the development 2f coding tachniques and assemblers
which (1) allow one moiula to be written with little knowl-
edge of the code in anothar molule, ind (2) allow modules ¢
be reassembled and replac23 without —reassembly of the whole
system. ([Ref. 24: p. 220]

The benefits expectel of modular programming are: (V1)

mzaagerial - development time shoull be shortsned because
separate groups would work on each 3odule with little need
for commurnication, (2) product fl=xibili= ~ i1+ should be
possible o make drastic changes t> one moduls withcut 2
nead *o change others, (3) compresheasibility -~ it should be

* possible to study the system one m>iule a+t a3 time. Ths
whole system can thereforz2 be better designed bacause i+ is
better understsod. [Ref. 24: p. 221]

The module concept allows programs to be aachine inde-
peadent, An dinterface 3d5duls is 1s2d +to bridge between
applications programs and the machins operating systea. I¢
a aachine needs %o be replaced due to5 normal wsar ard tear,
obsolescence, etc., only the interfaz2 module may need *o b2
changed.

Information mus*t be p2arceived bszfore i+ can have valus
for human decision-making. The =z2ffactiveness with which 2
us2r perceives informatioa is largsly governed by the way in
which it is displayed. Th2 :interfacs between the sys<em ani
us2r 1s one of the mora critical dasigr fac:ors. [ Ref. 25:
p. 27]

Some of the general principles of good display are as
follows:

1. Use standard repor: forazats, headings, and defini-

tions whenaver possible., This parmi<s a user to scan
2 display without having to iaterpre+ =2ach item.

2. Bach item display2l shoull be labeled or have an

cbvious interpretation.
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3. Avoid unnecessary precision, Since an aggregation
inevitably repres2ants an approximation of «reality,
excess precision alils little value whils it clutters
up the display. .

4., Use graphical display when (£f=zasible. A graphical
display reduces unneadad pracision while often
revealing relatioaships axoig variables wmuch morz
perceptibly +han a tabular iisplay.

5. Provide a basis for interpr2%ing information. A

iven piece of 1information seldom his value by
itself; i+ must be 1ssessed r:zla%tive to some stardari
cr anticipated resalt. It is thereforz important
that a user be praovided sufficient informatiom %o
comprehend the sigynifizapce >r surpriss content »of
new inform<ion. This can b= done by displaying thz
rew informmtion (2.9., actuil current resul:s). in
juxtaposition with the axistiag plan, standard, or
past results.

6. Provide links amony separa+te iisplays. gach display
should cortain ralatively little informatiorn in order
nct to swamp the usar. It is therefozts neca2ssacy =2
us2 multiple displays if auchi information is *o H2
conveyed. f[Ref. 25: p. 27]

In designing any hardware/softwar2 system, %“hsre are 2
nuaber 0% crucial gquestioas to whi: the systam designer
must find answers. One is the rol: >f the human operator in
t+ha operation of the systen. Siaplicity of wus2 wilil
ensourade users. Desiyn consideratisns that involve =rade-
offs between siaplicity and efficiancy should bz weighted £
favor simplicity [Ref. 26: p. 46]. The man-machine inter-
face must account for the 1limited coaputer exposure of most
NMCB personnel.

3

T = e e e

,
'""'j
e



L

{
{
]
i

E. RECOMNENDATIOQNS

The major expenses in sompu*er systems at present and in
tha future are in software. Usars in the O0Onited States
spand over 3$10 billion for software a¢ery year. By 1985, it
is estimated that computer software 2xpenses will constitutsz
about 90 percent of the total systzam cost. Tharefore, the
effort to expand and enhance the prasant systeas should be
directed towards the softwire devalopment. Even though it
is contrary to +the way compu*2r systams have been ob+=ained
ir the pas%t, the software rzquirssz2nts should drive <%ha
hardware requirements: make the hardvare fit the softwara
rather than vice versa. As an article in Housing reconm-
mends, decide what you r22d4 and thsa find the program - the
software - that meets thos2 needs. To many this sounds lik2
buying the system Dbackwards, sinc® most people tend +9o
purchase the hardware <first and thasn the application soft-
ware, Bu* 2ll programs d> not run 21 21l compuzers. It is
possible, and in fact commdon, for a company that buys hard-
ware to discover that th2 program it needs cannot run on
that equipment. The hariware does ths actual work, bu% tha
software controls the systam and should dictate thes “ype 2%
equipment the company neseis.  Ref. 3: p. 79]

Studles have shown that scftware costs rise dramazically
at about the 85% saturatid>a point >f ZPU and meaory capacity
anl suggest that <the following points be considered for
hardware procurement:

7, Overall systeam sost is g2nsrally pinimized by
procuring computar hardwars with a* least 50% %o 100%
more capacity than is absolutaly necessary.

2. The more the ratis c¢f sosftware-to-hardware cos<s
ircreases, the nAadre excess computing capacity one
should procure to minimize tha total cost.

ud




e g i

3. It is far more risky t> err by procuring a computer
that is too saall <chan on2 that is too large.
(Ref. 29: p. 13]

Establishing coaputer netwsrks, nsing wmicrocomputers
anl/or minicomputers, at 2ach of the 3sployment sites and at
tha battalion facilities in home port is strongly recom-
mended. The equipment 3houll be parsanently irnstalled a%
each of these locations. Some nuamber of microcomputers
could also be included as part of tae battalioc TOA for use
by detachments or at construction sitas that ars remote fron
th3 main camp. Unless tha compuiter systems are as available
during home port as on 3eployment, coatinued sporadic use of
tha systems can be expac-ted. Thr2 more <the battalion
pecrsonnel use the systaas, the morz familiar 2and the more
confortable they will becdore with tham.
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V. INRLEMENTAIIDN

In 1513 Machiavelli observed: "There is nothing more
difficult to plan, nor2 doubtful oSf success, ncr more
dangerous to manage thanp the creatisn of a nevw system. For
tn2 initiator has the enamity of all who would profit by ¢he
praservation of <he o0ld system and m3c2ly lukewarm deferders
in those who would gain by the new one." [Ref. 1: p. 1]

It is iaportant for th2 manager 12c to lose sight oI <he
many aspects which must b2 considarzd when deva2loping a new
system. It is not just a techrical computer process; *o *ha
contrary, it often drastically affacts and chanjyes the basic
fabric and operation of ti2 organizaticn. (Ref. 1: p. 1]

Mary managers assum2 thit siaply installing a new
machine or a nav system wiil guarant:22 immediate improvement
in prcductivity. They <concentratz on the ta2chnical anid
supposed’y "rational" aspas%s t> the Jatriment of social and
emc>tioral factors, [Ref. 30: p. 8)] The introduction of 1
system, idea, or practice amay be percaived as n2w, an inno-
vation, by an individual. It mattars littls, so far as
human behavior is conserned, whathar or no* an idea is
"obfectively” new 2s measured by the lapse of tiame since ics
first use or discovery. It is the perceived or subjective
newness of *he idea for the indiviiial <hat dz2termines his
reacticn to it. ([Ref. 31: p. 19] This resaction is a combi-
nation of the analysis of +the innovation and the aental
processes that individuals normally 3Jo through in making 1
decision whether to accept or reject.

In analyzing an innovatior, the individual zvaluates *hs
foilowing charac+eristics:

1. Relative advantage. This is <he degra2 to which an
innovation is percaived as batter than the idea it
supersedes.
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4.

Compatibility. This is thes legree to which an inno-

vation is perceivel as b2ing consistant with the
existing values, past 2xperisnces, and needs of the
receivers.

Coaplexity. This is the degree to which an innova-
tion is perceivei 23 difficult to understand and use.
Trialability. This is the degree *o which an innova-
tion may be expsriaented with on a liaited Dasis.
New ideas which can be tri2i sn the installmen% plan
w2ll generally be adopted amad>cz2 quickly than innova-
tions which are not divisiblz,

Obtservability. Phis is th2 degree to which the
results of an icnovation arz visible to oSthers. The
easier i¢ is for aa individual to see the results of
an innovation, th2 more 1likz2ly he is to adopt.
{ Ref. 31: p. }2]

The mental process in reazhiny a decision to accept or

reject consists of fcur functions or stages:

1‘

Knowledge. The iaiiviiwal is axposed t> the innova-
tion's existence a1l gains some understanding of how
i+ functiecas.

Persuasion. The individual forms a fsavorable or
unfavorable a+*tituils toward th2 ipnnovation.

Decision. The individual engages in activities which
lead %20 a choice to adopt or r=ject the ianovation.
Confirmation. Th2 individual seseks reinforcemernt for
+he innovation-decision he has made, but he may
Teverse his previous dacision if exposed pote]
cenflicting messagas about th: Innovatiosa., [Ref. 31:
p. 101]

Knowing about an innovation is o5ften quita different

matter from usinc the ijea, An Znnovation will be rajectad

if the individual Joes not regard th2 sys“em as relevan: o

his situatiocn, as poten*ially usa2fil. Considera<ion of a
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new idea do2s not pass beyond the knowldege function if the
irdividual does not defias2 tha ipnformation as relevant t>
hia or if he does not s22k sufficiant knowledge to becom=2
adequately informed so that persuasion can take place.
[Ref. 31: p. 108]

An individual's attituide towaris an innovation is a
primary €factor during th2 persuasis>a stage. A previous
positive experience with the adoptioa of innovatiors creates
a bank of generally favorable attitudes to change tha*
facilita+es the development of a f£avorable evaluza<ion of <ha
next innovation consider2d by 2ar individual. On <he
contrary, a negative exp2rience f£rom an innovtioa that is
perceived as a failure 1l2ads to rzasistance to future rnewvw
ideas. [Ref. 31: p. 110]

As +*he individual goes through %thz persuasion and deci-
sion phases, the system aust retaia its relative advantage
anl capatibility [Ref. 31: pp. 109 &€ 112]. A+ the confirma-
tior stage, the indivilaal seeks reinforceaent for his
decision. [Ref. 31: p. 113)]. It is important «o remember
“ha* the innovation-decision procass éan just as logically
l223d to a rejection decisisn as to ailoption. Ia fact, each
functicn in the process is a poteantial rejectisn point (se2

Figure 3.1). For instance, it 1is possible t> reject an
innovation at +tha knowleije <functis>n by simply forgetting
about i+ af*er initial awareness. And of course rejection
can occur even af*er a prior decision to adopt. This is

discontinuance, which can occur in the confirmation
function. ([Ref. 31: p. 113 ]

If the introduction of a red2sijyned systam is <o have
any success, it must be parceived as a12w. This will require
separating the exis*ing system from th2 redesigned systen.
Thae existing system, £from which thersz have been Dboth favor-
able and unfavorable expariences, should be discussed in
“arms of an experiment cr trial ¢to 3ain the knowledge and
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unierstarding of the neels of the battalions. If the new
system is perceived as aerely a cs#hash of the existing
systea, chances for a1 successful iaplementation may be
significantly diminishei. BEach member of the battalion must
perceive the redesigned system as n2w, relevant and useful

for hinm.

Even if the computer system is viewed as useful in
general, an individual may still r2sist its use bacause of
uncertainty. The +trajditional ways of doing things offer
pra2cedents that can guides a1embsrst! acztions; the consequences
of the traditional ways ar2 at 1least well known and predice
table. Unwillingness +¢> give up tasks and relationships

that are familiar may caus2 resistanzz to changs. [Ref. 32:
p. 377] special effort shoull be made +o demonstrate ¢that
ths system provides the saze information that an individual

. has used in <the pas®t and that this information is providaji
faster, easier, and mor2 azcurately.

Resis*tance may alsd oscur due t9 perceivel changes in
social relationships - th2 patterns >f authori*y, status ani
sentiment [(Ref. 30: p. 480]. If the individual views <h2
system as substituting for him as an information socurce, %he
computer may be perceivel as denigrating +o his posi<ion
ani, +therefors, as a thrzat ¢to his social standing within
the battalion.

One method to overcams resistanc2 is tc collaboraze with
the users: involve them in the dasign and implamen<a<ion.
An ipdividual who feels threatensd by the computer Jdue to
uncertainty or a perceivad chany2 3in social status may
beccme more receptive t5 :i1e systea i€ he is able %o partic-
ipate Ip its creation 1nd influeace its Jdesign. This
participation may also help overcom2 a previocus unfavorabla
experience.




dith eight attalisns, this will be difficult. One
approach would be to work with only one battalion during tha2
design ard initial implamantation phases. Once the systen
has been installed and appropriatz instructiosn has been
given to 211 personnel, th2 system can be distributed to th2
other seven battalions, oa2 at a tima.

The contact betvween aembers of different battalions
forms an informal communications natwork, This informal
network can be used to promot2 or 1estroy the rev systanm.
If short-cuts are taken daring the da2sign or th2 desiga “iame
is shortened with +the ijza of working out all the bugs
during implementation, +h2 cradibility of the system coulil
be irrepairably damaged.

The desiqgn and implamertation process for a coaputer
system is markedly differ2nt from a construction project.
An inadequate design of a construaction rcject can be
compensated for during th2 construction phase, but not s>
with a computer systen. If the o>Jutput is incomplete or
nonuseful, <*he system @iy be rejact23 out-of-hand and may
never be accepted no mattar what changes are nmade. I+ is
extreme:y impor+tant <that +he pra2psnderance 5f time 2and
effort be devoted to the dzsign so that »2aly positive
coaments are communicated over the informal network during
the initial implementation. If the initial battalion views
th2 system as useful ani iaportant, acceptance by the o+har
battalions will be enhanc=21,

One final ma*ter neseis *o be taken into consideraticn.
Tha computer systems are tools which, if propzrly designei
and used, can be very cffective in ascomplishing a2 battal-
lon's nmission. Tc be accepted, their wuse capnot be
*directed from above". Zhange imposed from the ou<side or
cn persoral grounds ("This is the way I wan+t things done")
will be Interpreted by subordinates i1s a sign tha¢ they have
not done their Jcbs properly. Thay will feel pressured and
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uncertain about why the changes acte being made. Thus,
instead of seeing the changes as a3 aore effective way of
reaching common objectives, organization wmembers may resent
change. [Ref. 32: p. 377)

The battalion's superiors have 3 legitimate need for
information and <the right ¢5 dirsct the battalions to
provide that information, but they should not iirect “how"
that information is gather2d or comdiled. The battalions,
as well as entities within a bDattalion, should have +h2
option of using either maaual or auto>mated methods to manage

+hair operations, including meating their reporting rsquire-~
ments. If the systems ar2 designed 3and implemented as tools
tc meet the needs of the users, it is felt that the users,
or *heir own, will opt for automatioa.
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NDIX 3
RESULTS

How would you charactarize tha TMU4 program output?
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How would

you characterizs the WORD PROCESSING program output?
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How would you characterize the SAFETY program output?
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How would you characterize the EQUIPMENT program oSutput?
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If marked POOR,
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How often did you use WORD PROCESSING?
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How often 1id you us2 SAFETY?
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How often 3id y>u use MEDICAL?

- s atep = on - =

FREQUENTLY

e - e ---

cw - ecmoe co-
-

- cmee o=
-

——- oo -
-

—— - o e
-

B e P
-

—m o wmwe -

3

o Swmera -

- . e - -

1
1

- an aa




02

Bow often di3 you us2 EQUIPMENT?
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Were

you given a spacific time t> use the computer?
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If YES, vas time during normal working hours?
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If NO, could ycau get accass Juring normal working hours?
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Did you have to wait in line?
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Is the input data format understandable?
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How long have you b2en axposel to the system?
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What is the CM4 potantial contingyancy coniribution?
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what 1s the PFOPLE pot=2atial contingency contribution?
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What is the MEDICAL potantial contingency contribution?
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What is the TOOL poteatial contiagency contributiorn?
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What is the SAFETY peacetim2 contribution?

T TR W D D TP D P WP AR W R W TR ED WP WD P D D YRR P P WD WP W AL WP AR D W ES wn D w > -

o4

YI)DERATE

2

1

2

; -

1

2

- -

1

5

1

1

---;;--_-

LIITLE/NO

.........
.........
.........
.........
.........
.........
---------
.........
.........
.........
.........
.........

NO OPINION

..........
..........
..........
..........
..........

- ap - -

2

MIDERATE

2

2

- wm o --—
-

- cace e-
-

e - wmma -

1

3

1

1

---;s----

- e wn wd -

e W w - --

e oo o

----;a----
4
2

(%]
~

63




Wwhat is the EQUIPMENT peacetiae contributiorn?
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Has CMU helped improve the axacution plan?
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Has CM4 helped improve productivity?
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